Objective: The aim of this study was to enlighten both the testicular histology and the genetic aspects of the apoptotic process. Thus an experimental study was designed with a model of unilateral vasectomy. Methods: Twenty-two adult male rats were used and 4 main groups were formed. The first (A), the second (B), the third (C), and the fourth group (D) consisted of 4, 4, 4 and 10 rats respectively. Rats in group A had sham operation while rats in other groups (B, C, D) underwent left vasectomy operation including binding of ductus deferens with a 3/0 silk and cutting a minimum of 1 cm part while preserving the vascular structure under 9x magnification. Rats undergoing unilateral vasectomy were sacrificed at the 1 st , 2 nd and 8 th weeks and their testicular structure and proapoptotic gene proteins were compared with that of the control group undergoing sham operation. Results: We found that vasectomy gradually caused destruction and both ipsilateral and contralateral testicles were affected showing initial apoptosis. Conclusion: The procedure causes destruction in the testicular structure by causing bilateral intratubular germ cell necrosis, unilateral obstruction, increase in the tubular pressure and processes that are aggravated by some probable autoimmune reactions.
gene' s pro regulation, and they have great importance in the modulation of this process (2) (3) (4) . Since it was first detected in B cell lymphoma-2 cells it was named as BCL-2. Some proteins of the BCL-2 gene family such as "bcl-2, bcl-xL and bcl-w" support cell growth and play an apoptotic role while others such as "bax, bam, bad, bok, bid and bim" antagonise the effect of others and play an apoptotic role (5) . The competition between these two cells and their being a homodimer such as bcl/bcl, bax/bax or a heterodimer such as bax/bcl assign the cell either to die or to live (6, 7) . The naming "bax" is formed as bcl-2 associated x protein and is based on the ralationship between these two immunohistochemical (IHC) measurements of the proapoptotic and antiapoptotic proteins are used in determining the apoptosis as well as the detection of the DNA fragmantation (8) . Bax overexpression has been shown with drug-induced apoptosis in human germ cells (9) . The same finding was found in animal experiments after vasectomy (10, 11) . Although vasectomy is a popular male contraception method and its reversals have been widely studied, the effect of vasectomy on testicular histology is still controversial (12, 13) . However, even apoptosis in the ejaculate has been studied in diabetes, schizophrenia and in immunopathologies (14) the relationship between the post vasectomial testicular histology and apoptosis and its clinical effects haven't been studied widely (8, (15) (16) (17) (18) . In this study adult rat unilateral vasectomy was compared with the control group and the answer to 4 questions were required: 1) the role of vasectomy on testicular damage 2) its genetic effect based on bax in apoptosis in normal spermatogenesis 3) the effects of vasectomy on the contralateral testicle 4) the possible effects of the unilateral vas deferens damage due to inguinal surgery on testicular histopathology.
MATERIALS AND METHODS
In this experimental study, 22 adult male Sprague Dawley 16 weeks old rats weighing 250 grams were used and studied in 4 main groups. The first group (A) consisted of 4 rats, the second (B) 4, the third (C) 4 and the fourth
INTRODUCTION
Spermatogenesis is a process in which spermatogonial stem cells form mature sperm cells (spermatozoa) by cell differentiation which is characterized by mitotic and meiotic cell divisions. Germ cell deaths occur in addition to cell growth and proliferation during normal spermatogenesis which is of critical importance in the formation of the mature sperm cells (1) . Apoptosis is the process that destructs the cells with a damaged DNA after receiving internal or external induction signals. The effectors of this death process are the caspases and the Bcl-2 protein family which is responsible for 17 p53 group (D) 10 rats. All the rats had anesthesia with intraperitoneal 25 mg/kg pentothal injection. While rats in group A had sham operation in an aseptic environment, rats in group B, C, D had a left vasectomy operation in which ductus deferens was tied with a 3/0 silk and a minimum of 1 cm part was excised with an inguinal incision preserving the vascular structure. Animals were sacrificed with 75 mg/kg pentothal injection and standard orchiectomy was applied and the testicular histopathology was examined at the 1 st (B), the 2 nd (C) and the 8 th (D) week.
Histopathology
The testes were fixed in Bouin solution and buried in paraffin and sections were prepared from tissue blocks. All the samples were examined for inflamatory infiltrate, edema, fibrosis, sperm granuloma, intratubular spermatic necrosis.
IHC Coloring
Bax B-9 rat monoclonal IgG2b antibody which is essential for coloring was used. Bax protein eliminates the inhibitory effects of BCL-2 gene and speeds up apoptotic deaths, thus Bax antibody binds to the Bax protein in the cell in which the apoptotic death is increased. In the beginning of the procedure, tissue sections were incubated in hydrogen peroxidase solution for 15 minutes then washed with Phosphate Buffer Saline (PBS) twice, citrate tamponade was made in microwave and then cooled in room temperature for 20 minutes, afterwards washed with PBS for four times. In order to avoid non specific arka plân coloring, ultra V Block application (Protein blockage) was made in room temperature for 5 minutes. It was not washed, but Bax antibody was used to cover the tissue by dropping the Ultra V Block onto the microscope slide and incubated for an hour. Dilution was made at 1/100. Then it was washed with PBS for 4 times. Afterwards "Biotinylated Goat Anti polyvalent Solution" (link saru) was dropped and after 20 minutes was washed with PBS for 4 times and incubated with AEC Chromogen until it was colored (AEC preparation: 1 drop of chromogen was added to 1 ml of substrate and washed with distilled water). The contrast coloring was made with Mayer's Haematoxylin that was kept there for 1 minute maximum before being washed with distiled water and closed with ultramount. Preparates were examined with a light microscope and Bax (+) coloring was defined as granular type coloring of the cytoplasm. Increased intensity of coloring (+), excessive increase in coloring (++) and normal coloring were recorded. Randomized 10 tubules diameters were measured in all the samples under the ocular micrometer of the Olympus CH30 light microscope. Necrosis level of intratubular germ cells were classified according to their cell level.
Statistical analysis
Kruskal Wallis test was used to compare groups, MannWhitney U test was used for dual comparisons and Fisher (exact) test was used to compare the qualitative data. All the results were evaluated in a CI of 95% and p < 0.05 was defined as statistical significance.
RESULTS
After the IHC, all four groups were evaluated for apoptosis and morphology and these results were found: all 4 cases in the control group had spontaneous apoptosis and apoptotic coloring was dominant (+) in the spermatocyte level in 3 cases and in the spermatid level in 1 case. At the 1 st week of the unilateral vasectomy bax coloring level increased to (++) while it remained the same (+) in one case. Dominant level was the spermatocyte level, the same as the control group. On the contralateral side bax coloring was (+) but in 3 cases bax dominant cell level had increased to spermatids while in one case it remained in the spermatocyte level. At the 2 nd (C) and the 8 th weeks (D) bax colorings were negative both in the vasectomy operated side and the contralateral side. The difference in the bax positivity in the vasectomy operated testes were statistically significant when compared with the 2 nd and the 8th weeks. Likewise 1 st week' s bax positivity of the contralateral side was statistically significant when compared to that of the 2 nd and the 8 weeks (Table 1) . During the first week, neither the ipsilateral nor the contralateral testicles had any inflammation. At the second week 3 of the ipsilateral testicles had inflamation of the tunica albuginea while there were no such inflammation in the contralateral testis. At the 8 th week inflammation was detected in 4 vasectomy operated testes and in 2 contralateral testes. When the inflammation rate of the first week was compared with the patients 2 nd (p < 0.0001) and the 8 th week (p < 0.001) statistically significant increase was detected. When the contralateral testicles were evaluated, no such increase according to weeks was detected (p > 0.05). When the ipsilateral and the contralateral testes were compared there were no statistically significant difference at the 1 st week (p > 0.05) but at the end of the 2 nd and the 8 th week, inflammation rate was higher in the vasectomy operated group (p < 0.001) ( Table 2) . Peritubular fibrosis was seen in the vasectomy operated group at the first week and 2 cases at the 2 nd and 8 th week while it wasn't seen in any in the contralateral group. While there was a significant rise in peritubular fibrosis at 2 nd weeks when compared with the 1 st week (p < 0.01), there was no significant increase at 8 th week when compared to the 2 nd (p > 0.05). In the vasectomy group peritubular fibrosis was significantly higher at the (Table 2 ). Statistical analyses revealed that germ cell necrosis mainly in the spermatid area was statistically significant at the 2 nd week when compared with that of the 8 th week (p < 0.0001). There was statistically significant increase in intratubular germ necrosis at the 2 nd and the 8 th week when compared with the 1st week (p < 0.001). When the contralateral testicles were evaluated internally, increase in germ cell necrosis in spermatids at the 8 th week was statistically significant (p < 0.0001).
In the preoperative operation no sperm granuloma was seen while it was encountered in one case at the 2 nd week and in 3 cases at the 8 th week. When compared with the 1st week, the possibilty of granuloma detection rate was higher at the 2 nd and the 8 th week and this difference was statistically significant (p < 0.0001). No testicular necrosis or atrophy were shown. The morphology of the epididymis was preserved at the 8 th week. The diameter of the tubules was 235.3 ± 12.9 μ in the vasectomy operated side and 248 ± 12.9 μ in the contralateral side at the 1st week. In the second week the mean diameter of the tubule in the vasectomy operated testicle was 234.5 ± 3.87 μ and the mean diameter of the contralateral side was 249.3 ± 3.20 μ. At the 8 th week this diameter was measured as 230.1 ± 7.66 μ in the ipsilateral side and 250.4 ± 2.5 μ in the contralateral side. When the statistical analyses were made for the mean tubule diameters and weekly change, the difference was not statistically significant at the 1 st week (p > 0.05) while it was statistically significant at the 2 nd (p < 0.05) and the 8 th week (p < 0.001). There was no statistically significant difference when the vasectomy operated testes were compared with each other (p > 0.05) ( Table 3) . 
DISCUSSION
The effect of vasectomy on testicular histology is still controversial. Testicular stem cells and spermatids which are formed by differentiated stem cells are in close relationship with the seminifer tubules' luminar cells and Sertoli cells of the testicular interstitium. In order to maturize to sperm cells they need the epididymis and its functions as well. The high rate of fertilisation in conductive fertilisation techniques after vasectomy and its reversals suggest that vasectomy does not cause an important disorder in testicular functions. Althrough the studies in the literature are controversial, there is more data supporting that there is a worsening of the sperm functions and dilatation in the seminiferous tubules in the early stages and inflammation and peritubular fibrosis with a decrease in germ cell levels in the later stages (19) . Spermatic cysts behave as shock absorbers and help in preserving the functions and give physiological support (20) . Lower fertilization rates in patients with short-term vasectomy than in patients with long-term vasectomy support the late stage findings of testicular histology. Recent studies have shown that apoptosis is the most important mechanism for spermatogenesis in germ cells. Apoptosis has been widely studied in the spermatogonia, the spermatocytes and spermatids and, many apoptotic factors have been described. Testicular germ cell apoptosis is a physiological event that occurs throughout life (21) . In the end the number of potential spermatozoa decrease by 75%. Apoptosis has 2 functions in spermatogenesis. The first is to limit the germ cell population which Sertoli cells can support, the second is to be selective in decreasing the abnormal spermatozoa (21) . The relationship between the fertility and apoptosis was shown by the increased apoptosis in patients with oligospermia. On the other hand there are few studies regarding the effect of vasectomy on this process and its genetic control. There' s almost no studies on the apoptotic process in normal testicles. Its clinical importance is the potential effect on fertility in vas deferens injuries that does not last with orchiectomy. We did not detect any testicular necrosis or atrophy in our experimental study. But there were increase in sperm granuloma formations and significant increase in tubular diameters and decrease in the wall thickness. The increase of the granuloma is more significant at the 8 th week. Since spermatogenesis continues after vasectomy, there can be leaks from the slimming tubules due to the widening of the epididymis and ductus deferens and this stimulates the granuloma formation. It is possible that the granulomas relieve the inflamatory pressure. It may be related to intraluminar phagocytosis. Phagocytosis causes stimulation of the immune system which cause antisperm antibodies formation. On the other hand it is also possible that extravasation may induce autoimmune responses. There are many articles about the autoimmune response to the testicular tissue. T lymphocytic cells and monocytes are responsible from this immunity and phagocytosis. After detecting the antigen, T lymphocytic cells stimulate B lymphocytic cells to produce antibodies. Monocyte-monocyte interaction leads the phagocytosis pathway to activate and this formation causes inflammation and fibrosis in testicular germ cells (22) . In our study in the later stages at the 8 th week in 9 out of 10 cases intratubular germ cell necrosis was present in vasectomy operated side, in addition to inflammation and fibrosis, 2 cases had mild, 5 cases had moderate and 2 cases had severe intratubular germ cell necrosis. Dominant stage was the 1° spermatocyte in one case, the 2° spermatocyte in 7 cases and the spermatid in one case. Studies that explain the impairment in spermatogenesis after iatrogenic damage to vas deferens are classified as: 1) immunologic response to the testicular tissue 2) reactive oxygen species 3) apoptotic changes in germ cells (23) (24) (25) (26) . However, it is also suggested that adult vas deferens obstruction does not affect apoptosis (27) . Abnormal spermatogenesis was shown to occur due to dysfunctional expression of the genes (28) (29) (30) (31) (32) (33) (34) . In our study we observed that increased apoptosis in the testis undergoing vasectomy This is compatible with previous literature findings (35) . Thus, with our vasectomy experiment protocol, we tried to find an answer to 2 main questions which include the changes in the ipsilateral histology and apoptosis. Bax staining increased in the contralateral testicle during the initial period in our vasectomy model. The affected cell level was more mature in contrast to the ipsilateral testicle. It is known that apoptosis in stem cells affects the physiological regulation. Despite the fact, this high apoptosis level in the low-resistant spermatids which are under high exposure to external factors in the contralateral testicle suggest a possible systemic effect after vasectomy (36, 37) . This early stage of apoptosis occurs without intratubular and peritubular changes and the granuloma formation may not be dependent on the immunity. We found findings suggesting that this effect supports the late stage inflammation. We believe that Bax proteins has a role in this modulation. We did not detect any tubular or peritubular pathologies in the contralateral testis since the increase of pressure does not affect the contralateral one. If these findings with common avascular fibrosis which is seen during the complete mobilization of vas deferens in inguinal surgery was further evaluated, it may enlighten the underlying factors of this situation which causes sterility with a range of 78%. Furthermore, the excessive mobilization of the cord and the operation technique are highly important in the inguinal surgery in order to sustain fertility (38) . Table 3 . The testicular tubular diameter change per weeks in the ipsilateral and contralateral testi.
CONCLUSIONS
The damage in testicular histology following the obstruction of ductus deferens depends by complex mechanisms rather than a single mechanism. Apoptosis is responsible for the initial germinal cell damage. Unilateral ductal obstruction causes damage on the testicular structure by causing bilateral germ cell necrosis due to the increase in pressure and processes that are triggered by the autoimmune reactions. We have shown that it is not essential to initiate the immune reaction for the sperm granuloma formation and vasectomy alone can trigger the immune response and impair the spermatogenesis.
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